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Abstract 
As a new phenomenon of the software industry, Open Source Software (OSS) development 
has attracted many research interests. Examining what motivate participants to be involved in 
OSS projects is one of the recently heated research areas. This study is motivated by the 
significance but lacking evidence on how personality traits may affect participants’ task effort 
on OSS projects. In particular, we investigate how personality traits namely psychological 
needs for autonomy and competence, and one’s altruism interact with motivations. Following 
Self-Determination Theory, we differentiate types of motivation in OSS communities. In 
addition, drawing upon the Affective Event theory, we submit that personality traits moderate 
the relationships between task effort and both external and identified motivations. The 
research model is largely supported by data from 204 participants in various OSS projects. 
Theoretical contributions and practical implications are discussed.   
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1 INTRODUCTION 
The recent decades have witnessed the success of Open Source Software (OSS) development 
(von Krough and von Hippel 2006). Major companies such as IBM and Sun Microsystems, 
and large venture capitalists are investing generously in these communities. In the meantime, 
questions of how and why this new model works have become great interest to researchers 
(Lee and Cole, 2003; von Krogh and von Hippel, 2006). Realizing that the success of these 
communities largely relies on participants’ effort and contributions, investigating what drives 
participants to be involved in these communities is essential and of great significance (Franke 
and von Hippel, 2003; Hars and Ou, 2002; Hertel, et al., 2003; Kuk, 2006; Lakhani, et al., 
2002; Lerner and Tirole, 2002).  
 
The extant literature has identified the following factors as motivating factors: enjoyment of 
cognitive challenges of programming, developing software that is not available in the market, 
signaling competence to potential employers, identification with the project groups and the 
belief in the ideology of OSS movement (Bagozzi and Dholakia, 2006; Bonaccorsi, et al., 
2006; Roberts, et al., 2006; Shah, 2006). These motivations energize participants to expend 
effort on OSS projects. Yet, motivation theories largely posit that motivations can be 
influenced by personality traits (Deci and Ryan 2000; Ryan and Deci 2000). To date, the 
existing studies on OSS have neglected the interaction effects of motivations and personality 
traits. As such, investigating possible contingency on which these motivations drive 
participants to expend effort in OSS communities can extend our current wisdom and, 
probably, provides more meaningful guidance for OSS project management.  
 
In this research, we investigate moderating effects of personality traits, namely psychological 
needs for competence and autonomy, and altruism, on the relationships between motivations 
and task effort. We consider one type of task effort, effort intensity, as the focus of the study. 
Effort intensity in the OSS context is defined as the energy exerted per unit of time when an 
individual is participating in an OSS project. Drawing upon Self-Determination Theory 
(SDT) (Deci and Ryan, 1985; Deci and Ryan, 2000; Ryan and Deci, 2000), we categorize the 
motivating factors in OSS communities into intrinsic, integrated, identified, and external 
motivations. We then examine the contingency effects of an individual’s psychological needs 
and altruistic orientation on the relationships between effort intensity and both external and 
identified motivations. The research model is tested with data collected from 204 OSS 
participants and is largely supported.  
 
2 THEORETICAL BACKGROUND AND RESEARCH MODEL 
Motivation plays a central role in the field of performance management (Steers, et al., 2004). 
Indeed, motivation theories are widely used to study performance (Locke and Latham, 2004). 
There are many definitions of motivation in the extant literature. For example, Atkinson 
defines motivation as “the contemporary (immediate) influence on direction, vigor and 
persistence of action” (Atkinson, 1964, p.2), while Locke and Latham (2004) define 
motivation as “internal factors that impel action and the external factors that can act as 
inducements to action (Locke and Latham 2004, p. 388). These definitions are principally 
concerned with factors or events that energize, channel, and sustain human behaviors over 
time and eventually lead to task performance and well-being (Steers et al. 2004).  
 
In the extant literature, many theories have been put forth to explain an individual’s 
motivations (Kanfer, 1991; Pinder, 1998). For example, Vroom (Vroom, 1964) presented the 
first systematic formulation of expectancy theory and (Locke and Latham, 1990) proposed a 
theory of goal setting that links goal specificity, goal difficulty, and goal commitment to 
enhanced task performance. Most of the existing motivation theories make meaningful 
contributions to our understanding of what is obviously a complex process. However, 
motivation theories treat motivation as a unitary concept (Meyer, et al., 2004).  
 
According to SDT, motivation is not a unitary or bipolar construct (Deci and Ryan 2000; 
Ryan and Deci 2000). Instead, based on the degree of regulation internalized, motivation is a 
spectrum consisting of intrinsic motivation, integrated, identified, introjected and external 
motivation (Deci and Ryan 2000). Intrinsic motivation refers to the motivation to engage in a 
behavior primarily for its own sake, because the behavior itself is engaging, interesting or in 
some way satisfying. In contrast, with an external motivation (i.e., extrinsic motivation as in 
other motivation theories), an individual acts with the intention of obtaining a desired 
consequence or avoiding an undesired one, so he or she is energized into action only when the 
action is instrumental to those ends. An individual may internalize the external motivation by 
taking in values and transforming the external regulation of a behavior into an internal 
regulation. Thus, the individual no longer requires the presence of an external contingency 
(Ryan and Deci 2000; Meyer et al. 2004). Based on the degree to which an external regulation 
is internalized, Deci and Ryan (2000) categorize them into introjected, identified and 
integrated extrinsic motivations (Ryan and Deci 2000; Gagne and Deci 2005). When 
introjected, a regulation has been taken in by an individual but has not been accepted as his or 
her own. When identified, a person feels greater freedom and volition because the behavior is 
more congruent with their personal goals and identities. When integrated, an individual has a 
full sense that the behavior is an integral part of who he or she is, that it emanates from the 
sense of self and is thus self-determined.  
 
In the context of OSS communities, there exist different types of motivations and they affect 
individual participation differently (Ke and Zhang, 2008. Roberts et al. 2006). Therefore, in 
order to provide a detailed true picture of the impact of motivation, it is critical to treat these 
motivations as a spectrum of motivation as suggested by SDT. Previous research has found a 
number of motivating factors in OSS communities. These factors include the need for 
software that is not available in the market, signalling competence to potential employers, 
recognition by peers in the community, seeking for cognitive challenge and enjoyment of 
programming, identifying with the project group and strong belief in OSS ideology (Franke 
and von Hippel, 2003; Hars and Ou, 2002; Hertel, et al., 2003; Bagozzi and Dholakia, 2006; 
Bonaccorsi, et al., 2006; Roberts, et al., 2006; Shah, 2006) These motivating factors fall into 
the spectrum of motivation suggested by SDT. In particular, need for software, signalling 
competence to potential employers and gaining reputation among peers are external 
motivations; seeking for challenge and enjoyment is intrinsic motivation; identification with 
the group is identified extrinsic motivation; and ideology conviction is integrated extrinsic 
motivation. Since participation in the OSS communities is fully discretional, individuals do 
not have to comply with others’ order. As such, it is unlikely to see the presence of introjected 
extrinsic motivation in OSS communities. According to SDT, motivations reflect intentions to 
act and energize and sustain individual behaviors over time (Deci and Ryan 2000). As such, 
motivations have positive influences on task effort. Indeed, the positive effects of motivations 
on task effort in OSS communities have gained empirical support (Ke and Zhang 2008). 
 
Built on the existing findings, this study further investigates how the effectiveness of different 
types of motivations is contingent upon personality traits such as individual psychological 
needs and altruism. There are two psychological needs that may interact with an individual’s 
motivations in the OSS context, namely the need for competence and the need for autonomy 
(Deci and Ryan 2000). Need for autonomy (Ryan and Deci 2000) is a need that all humans 
have, to some extent, representing the need to be self-determining or self-initiating. Need for 
competence represents an individual’s desire to achieve success through one’s own efforts 
and to take personal responsibility and credit for outcomes. The strength of individuals’ 
psychological need varies. Satisfaction of these psychological needs is essential for human 
development (Ryan et al. 1996) and for positive behaviors (Hackman and Lawler, 1974). In 
addition, altruism can play an important role in affecting an individual’s conducting behaviors 
that benefit others, such as developing open source software. Altruism refers to interpersonal 
helping and includes discretionary behaviors that assist another person with an 
organizationally relevant task or problem (Konovsky and Pugh, 1994). Therefore, it is 
appropriate to explore how psychological needs and altruism affect the relationships between 
motivations and task effort intensity.  
 
In particular, we focus on the interaction effects of external motivation and personality traits, 
and of identification motivation and personality traits. Figure 1 depicts our research model.  
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Figure 1. The Research Model 
 
A broad literature has demonstrated the importance of ongoing feelings of autonomy and 
competence for optimal functioning and well-being. According to affective event theory (Weiss 
and Cropanzano, 1996), affective events that bring positive feelings of autonomy and competence 
thus satisfy these psychological needs can influence an individual’s behavior in general and 
discretional behavior in particular (Ilies et al. 2006; Lee and Allen 2002). Stated alternatively, 
when an individual experiences more positive affective states and has higher psychological 
satisfaction, he or she will exert more effort on conducting behaviors that are not mandated. 
 
In the context of OSS, participating and making contribution to the project is a discretionary 
behavior, similar to organizational citizen behavior, and thus is directly influenced by affective 
events (Weiss and Cropanzano 1996). Also, in OSS communities, need for autonomy is readily 
satisfied since participants have the freedom to choose what to contribute and how to contribute to 
an OSS project. Similarly, OSS project groups continuously improve software and constantly 
share knowledge and thus provide a channel to satisfy an individual’s need for competence. As 
such, a participant’s need for competence and autonomy will moderate external motivation’s effect 
on effort intensity in the OSS context. External motivation is aroused by an individual’s desire to 
seek for instrumental gains such as financial reward and reputation; it energizes effort that does 
not satisfy psychological needs directly (Deci and Ryan 2000). However, the context of OSS 
communities readily satisfies participants’ psychological needs and therefore can strengthen 
external motivation’s influence on effort intensity (Ilies, et al., 2006). Specifically, given the same 
level of external motivation, an individual with a higher need for competence and autonomy will 
have a higher level of effort intensity on an OSS project. Hence, we hypothesize the following: 
 
Hypothesis 1a An individual’s psychological need for autonomy strengthens the relationship 
between external motivation and effort intensity in an OSS project. 
Hypothesis 1b An individual’s psychological need for competence strengthens the relationship 
between external motivation and effort intensity in an OSS project. 
 
With an altruistic orientation, an individual gains satisfaction from helping others or conducting 
behaviors whose outcomes benefit others. Such positive affective feelings may reinforce the 
effects of external motivation on the individuals’ effort expended on the task. Specifically, when 
an individual is energized to work on a task solely by his or her external motivation, he or she is 
focused on the outcomes rather than the process. However, if the individual has a psychological 
orientation toward altruism, performing tasks that benefit other will allow him or her to experience 
positive affect about what is being done. As such, the individual will appreciate and enjoy the 
process, and enhance his or her task effort. Given that OSS enhances other users’ and developers’ 
well being, in addition to bringing possible instrumental outcomes for a participant, altruism will 
affect the relationship between external motivation and effort intensity. In particular, with the same 
level of external motivation, a higher level of altruism may enable the individual to experience 
more positive affective feelings and thus inspire the individual to exert fuller effort on the task. 
Hence, we hypothesize the following: 
 
Hypothesis 1c An individual’s altruism strengthens the relationship between external motivation 
and effort intensity in an OSS project. 
 
The reasoning for the psychological needs’ moderating effects can be extended to the relationship 
between identified motivation and effort intensity in an OSS project. Specifically, when an 
individual has a strong psychological need for competence and autonomy, he or she will seek to 
improve competency and value self-determination, respectively. Pursuing the goal of the group 
and/or conducting the tasks agreed upon by the group may not be able to satisfy the individual’s 
need for competence and autonomy efficiently and directly. As such, the individual will work 
more independently rather than exerting great effort on conducting the behavior chosen by the 
group, which is the consequence of identified motivation. Therefore, when an individual has a 
strong need for competence or need for autonomy, the positive effect of identified motivation on 
effort intensity on participating in OSS development may be diminished. Hence, we hypothesize 
the following: 
 
Hypothesis 2a An individual’s psychological need for autonomy mitigates the relationship 
between identified motivation and effort intensity in an OSS project. 
Hypothesis 2b An individual’s psychological need for competence mitigates the relationship 
between identified motivation and effort intensity in an OSS project. 
 
With an identified motivation, an individual is mobilized to perform tasks that benefits the group, 
the so-called “in-group favoritism” (Bagozzi and Lee 2002). Without considering altrusim, the 
individual may be simultaneously expecting others in the group to share the norms of reciprocity 
and be supportive also (Bagozzi and Dholakia 2006). With an altruistic orientation, an individual 
will perform the tasks that benefit others without expecting for return. That is, altruism allows the 
individual to remain engaged in the group activities even though his or her peers are not 
reciprocating. As such, given the same level of identified motivation, a higher level of altruism 
will lead an individual to work more intensively on the OSS development tasks. Hence, we 
hypothesis the following: 
 
Hypothesis 2c  An individual’s altruism strengthens the relationship between identified 
motivation and effort intensity in an OSS project. 
 
To account for as much as possible the differences among individual participants, we also consider 
the effects of five control variables. One control variable is individual motivation, i.e., intrinsic 
motivation. This type of motivation’s positive effect on participants’ task effort in OSS 
communities is supported by empirical studies (e.g., Ke and Zhang 2008). The other four control 
variables are pertinent to the context and characteristics of the OSS projects. These variables 
include project team size, product type, whether the participant is compensated and the primary 
role played by the participants in a project. We select these variables because they may have an 
impact on task effort expended on the project, although investigation of these variables’ effects is 
scant in the extant literature.  
 
3. RESEARCH METHODOLOGY 
3.1 Data Collection 
To test our research model, we conducted a survey to collect data from OSS project participants. 
We randomly selected our respondents from the discussion forums hosted by sourgeforge.net and 
some other on-line forums such as MySQL and OpenOffice. We sent out about 2000 invitations 
and asked the respondents to fill out our questionnaires posted through SurveyMonkey, an online 
survey service provider. A total of 225 people responded to our invitations. Among returned 
questionnaires, 17 were incomplete and were discarded. We tested the non-response bias by the 
method suggested by Armstrong and Overton (Armstrong and Overton, 1977). That is, we 
compared the chi-squares of the responses from the first 25% of the respondents to that of the final 
25%. A significant difference would indicate the presence of non-response bias. Our results 
showed that there was no non-response bias.  
 
3.2 Measures of the Constructs 
The measurement items in our questionnaire were adapted from existing validated and well-tested 
scales in the extant literature. These scales had been proved to have good validity and reliability. 
In the questionnaire, Effort intensity, four types of motivations, and altruism were treated as 
reflective variables to be consistent with the literature. They were measured with 5-point Likert 
scales, ranging from “strongly disagree” to “strongly agree.” We also provided the choice of “not 
applicable” for these variables. Effort intensity was measured by items adapted from Yeo and Neal 
(Yeo and Neal, 2004). The instruments for external and identified motivation were adapted from 
Amabile et al. (Amabile, et al., 1994) and Allen and Meyer (Allen and Meyer, 1996), respectively. 
The measurement scales for altruism were adapted from Konovsky and Pugh (1994).  
 
The measurement scales for psychological need (i.e., need for autonomy and competence) were 
adapted from Rei et al. (Reis, et al., 2000). Psychological needs variables were treated as 
formative variables. The instrument consists of specific questions and specific ways of calculating 
the scores. For the need for autonomy, three daily activities were asked to be listed and four 
reasons of doing them were asked to be rated with a scale from 1 to 5. The calculated score for the 
need for autonomy is the average of the three activities’ scores, where each is a weighted 
aggregation of the four measures (with the weigh of -2, -1, 1, 2 respectively for the four items). 
The measure for the need for competency is the average of the scores for rating (from 1 to 5) how 
effective in doing each of the three activities.  For the four control variables that are specific to 
the particular OSS project situations, we used the direct answers for roles played, product types, 
and compensation, and converted answers into discrete categorical values.  
 
4. DATA ANALYSES AND RESULTS 
There were two stages for data analyses. In the first stage, we assessed the reliability and 
construct validity of the reflective variables using confirmatory factor analysis. In the second 
stage, we conducted multi-regression analyses with SPSS to examine the moderating effects 
of personality traits on the effects of external and identified motivations on effort intensity. 
 
4.1 Measurement model 
The confirmatory factor analysis showed that the loadings of all measurement items of 
reflective variables in the last column were higher than the benchmark of 0.7 (Barclay et al. 
1995; Chin 1998). Convergent validity and discriminant validity were used to examine the 
measurement scales (Hair et al. 1998). Convergent validity was assessed by (1) reliability of items, 
(2) composite reliability of constructs, and (3) average variance extracted (AVE) (Fornell et al. 
1981; Werts et al. 1974). Reliability of items was assessed by each item’s loading on its 
corresponding construct. Table 1 shows the composite reliability (CR) of each reflective 
construct. It is recommended that CR should be .70 or higher, which is satisfied by all 
constructs. AVE measures the amount of variance that a construct captures from its indicators 
relative to the amount due to measurement error (Chin 1998). It is recommended that it should 
exceed .50. Table 3 shows the AVEs of all constructs exceeded .50. Hence, all three conditions for 
convergent validity were met. 
 
Discriminant validity between constructs was assessed using Fornell and Larcker’s 
recommendation that the square root of the AVE for each construct should exceed the correlations 
between this construct and all the other constructs (Chin 1998; Fornell et al. 1981). In Table 1, the 
shaded numbers on the diagonals are the square root of the AVEs. Off-diagonal elements are the 
correlations among constructs. All diagonal numbers are much greater than the corresponding 
off-diagonal ones, indicating satisfactory discriminant validity of all the constructs. 
 
Table 1. Internal Consistency and Discriminant Validity of Constructs 
  Constructs CR AVE 1 2 3 4 5 
1 Effort Intensity  0.90  0.75  0.87          
2 Identified Motivation  0.91  0.63  0.38*** 0.79       
3 External Motivation  0.82  0.60  0.23**  0.18*  0.77    
4 Intrinsic motivation 0.87  0.68  0.20** 0.15* 0.17* 0.82   
5 Altruism 0.81 0.69 0.05   0.14  -0.11  0.07  0.83 
Note: * p < 0.05; ** p < 0.01; *** p < 0.001 
 
4.2 Hypotheses Testing 
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Figure 2. The Empirical Model 
 
A series of three multi-regressions were conducted. Model 1 has only control variables as the 
antecedents of effort intensity. Model 2 has the control variables and external and identified 
motivations as the antecedents. Model 3 has all the above variables and the moderators. As 
shown in Table 2, Model 2’s result indicated that, without taking personality traits into 
consideration, intrinsic and identified motivations were significantly related to effort intensity. 
In contrast, external motivation was not significant. However, the result of Model 3 (with 
personality traits and moderators) showed that external motivation had a positive effect on 
effort intensity, while intrinsic motivation’s effect became insignificant. In addition, Model 3 
provided significantly higher variances explained than the other two models and supported 
four out of six hypotheses. Specifically, the term of the multiplication of external motivation 
and need for autonomy was significant (b=0.172, p=0.039). Hypothesis 1a on the positive 
moderating effect of need for autonomy on the external motivation-effort intensity 
relationship is supported. The multiplication of external motivation and altruism was also 
significant (b=-0.19, p=0.062), which supports our hypothesis 1c, but in the opposite direction. 
Our Hypothesis 2b on the negative moderating effort of need for competence on the identified 
motivation-effort intensity relationship is supported (b=-0.225, p=0.015). In addition, the 
results support Hypothesis 2c which proposed the positive moderating effect of altruism on 
the relationship between identified motivation and effort intensity. Figure 2 summarizes the 
hypotheses testing results. 
 
5. DISCUSSIONS AND CONCLUSION 
The current paper investigates the interaction effects of OSS participants’ motivations and 
personality traits on their effort intensity. Specifically, rather than treating motivation as a 
unitary construct, we differentiate motivations along the spectrum proposed by 
self-determination theory (Deci and Ryan 2000; Ryan and Deci 2000). We assess how these 
different types of motivations’ effects on effort intensity are moderated by individual 
personality traits namely psychological need for autonomy and competence, and altruistic 
orientation. In particular, we focus on personality traits’ effects on the relationships between 
effort intensity and both external and identified motivation. Our research model is largely 
supported by the empirical data. Our results indicate that external motivation’s positive effect 
on OSS participants’ effort intensity is strengthened by their need for autonomy and mitigated 
by altruistic orientation. The latter finding is to the contrary of what we hypothesize. A 
possible explanation is that altruism allows participants to enjoy the process of contributing to 
OSS projects and such enjoyment may distract their focus from reaching the goal and 
realizing the instrumental outcomes. We appeal that studies further investigate the interaction 
effect of external motivation and altruism and verify the validity of our finding on the 
surprising negative relationship. Also, our results show that participants’ need for competence 
mitigates the effect of identified motivation on effort intensity, while altruism strengthens the 
identified motivation-effort intensity relationship.  
 
It is important to evaluate this study’s results and contributions in light of its limitations. First 
of all, we collected data with a single source during one period of time. All the major 
constructs were measured by respondents’ perceptions, which are subjective. Future research 
should use some objective measures from multiple sources. Ideally, future research should 
also collect data at multiple points in time. A longitudinal study may enrich research findings 
by offering additional information on the possible variations of the relationships between 
independent and dependent variables within a person across time and how the fluctuations of 
a person’s psychological needs moderate the relationships. Second, we collected data with 
English-speaking OSS participants. OSS development, as a global phenomenon, involves 
individuals speaking various languages and with diverse national cultures. Future research 
should be conducted to verify the applicability of our research results to participants speaking 
different languages and of different cultures.  
 This research makes two major theoretical contributions. First, this study enriches our 
understanding of the effects of different types of motivation on effort intensity. Our results, 
consistent with self-determination theory, indicate that these effects vary across different 
types of motivation. Therefore, our research lends credibility to SDT theory and empirical 
validates that motivation is not a unitary construct. Second, we extend the OSS participation 
research to incorporate the effects of personality traits. Personality traits play a critical role in 
affecting individuals’ behaviors, beliefs and values. Given that there is no organizational 
control and formal remunerating systems in the OSS communities, personality traits are 
expected to be even more important in guiding individuals’ self-organization. Indeed, as 
indicated by our research findings, models with and without personality traits provide 
different information about which motivation is a significant antecedent of effort intensity. As 
such, without incorporating personality traits in the model, a research studying factors 
affecting individual’s volitional behaviors may get spurious or misleading results. 
Unfortunately, there is a dearth of research investigating the effects of personality traits in the 
OSS context. As far as we are aware, this study is the first study that examines the effects of 
personality traits on the relationships between motivations and effort intensity in the OSS 
context. As such, the current study opens up avenues for research investigating the confluence 
of motivation and personality traits in OSS communities.  
 
This study also has significant practical implications. Specifically, OSS project leaders should 
be aware of the effects of personality traits on how motivations energize participants’ effort. 
Currently, project leaders may focus on the technical competence of participants and assign 
tasks to participants accordingly. Our research suggests that personality traits affect how hard 
a participant will work on the tasks. In particular, psychological needs for autonomy and 
altruism make external motivation have an even greater impact on effort intensity. It shows 
that, when the project leaders are offering inducements, they should provide participants of 
such personality traits with more opportunities to self-determine what to work on and how to 
proceed. In contrast, our research demonstrates that need for competence makes identified 
motivation less effective in mobilizing participants’ effort. This finding suggests that project 
leaders should assign cognitively challenging tasks to participants with high identified 
motivation and provide them with facilitating resources so that the participant can derive 
more satisfaction from participating in group activities.  
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